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Abstract 
Fatigue has been considered as a main risk factor of accidents in transportation. The objective of this study was to evaluate 
fatigue level of fuel truck drivers and to provide recommendations to the company in order to minimizing the risk of fatigue. A 
total of 54 drivers (40 employees working at day shift, and 15 employees working at night shift) selected randomly agreed to 
participate. Fatigue developments while driving were monitored during 1st day, 3rd day and 5th day from a weekly rooster. 
Fatigue was measured thoroughly via changes in heart rate (HR), reductions in Critical Flicker Fusion (CFF) frequency using 
flicker apparatus, and increases in subjective sleepiness scale using the modified Karolinska Sleepiness Scale. Measurements 
were done for both day and night shifts, right before the drivers leaving the main depot in Plumpang, Jakarta for targeted gas 
stations and right after their return back to the depot (there were about 3-4 trips in a shift). Results of this study found that there 
was no significant effect of the measurement day on fatigue. Changes in HR appeared to be less sensitive to fatigue and 
sleepiness. Interestingly, fatigue development at night shift was significantly higher than that of day shift, based on changes in 
CFF and modified KSS (p<0.05). In general, fatigue level appeared to be at moderate-high levels, and the company was 
suggested to implement a comprehensive fatigue management system. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the organizing committee of the Industrial Engineering and Service Science 2015 (IESS 
2015). 
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1. Introduction 
Fatigue is a common biological conditions experienced by every human being. Nevertheless, fatigue while 
driving is considered one main cause of traffic accidents. It is estimated that fatigue is involved in about 10-20% of 
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serious accidents [1] [2]Error! Reference source not found.. Fatigue has been documented along with other 
dangerous behaviors leading to traffic accident while driving such as drinking, speeding, distracted driving, using a 
cell phone while driving, using illegal drugs while driving, and novice driver [1] [3]. Fatigue in drivers are highly 
correlated to sleep-related conditions, such as circadian rhythm (i.e., time of day) and sleep restriction [4], as well as 
task-related conditions, such as task load and driving duration [5]. Since most of fatigue is manageable, is related to 
work design, and is due to task demands, companies need to know the existing fatigue level of their workers. 
Fuel truck drivers were one of the occupation types which have high risk on experiencing fatigue. Therefore, the 
risk of accident is prominent, and the safety issue becomes important. From a business perspective, safety aspect is 
one must-maintained issue that will become the key to business success, or on the contrary will become business 
failure factor. Every occupational accident will give losses to the company, such as injured employee, employee’s 
moral and motivation degradation, damaged assets, production losses, penalties, and bad company image.   
Research collaboration with a well-known oil and gas distribution service company in Indonesia was established. 
The company has a main depot in Plumpang, Jakarta to service the customer (the gas station) around Jakarta. 
Hundreds of workers are employed, consisting of drivers and helpers who operate fuel trucks. Among risk factors of 
fatigue that seem to be relevant for fuel truck drivers in this company are:  
x Time of shift. The drivers work either day or night shift. A number of studies have reported an increased risk of 
fatigue at night shift due to circadian rhythm disruption [6]. 
x Length of shift. Currently, the default of shift length is 12 hours (to complete 3-4 trips in a day). In some cases, 
the drivers may have prolonged shift period due to the traffic. Study of [7] reported that prolonged driving time is 
the most contributing factor to fatigue for professional drivers in metropolitan areas.  
x Sequential night shift. The current roster applies the sequence of 6Day – 6Night. A study by [8] concluded that 
frequency in shift work has a significant effect on the severity of fatigue.  
x Rest between work periods. Though the number of trip in a day (and their targeted gas stations) is predicted 
based on the distance from the main depot, the time needed to complete a trip is often more than the prediction 
due to the traffic in Jakarta. The drivers who get a day shift are supposed to leave the main depot at 6 AM and 
return to the depot before 6 PM. Actually, they may return to the depot up to 10 PM, and have to get ready for the 
next day trip at 4 AM. In this case, their rest time is only about 6 hours. 
 
Since risks of fatigue are prominent in the existing business processes of the fuel truck drivers, a study is needed 
to measure their fatigue levels. Results of this study can hopefully be used to propose recommendations to the 
company to minimize risk of accidents. 
2. Methods 
2.1. Participants 
A total of 54 male truck drivers (40 employees working at day shift, and 15 employees working at night shift), 
which were selected randomly, agreed to participate. Their task was to distribute the fuel from Plumpang depot to 
gas stations around Jakarta area. 
2.2. Apparatus 
Fatigue was measured thoroughly via changes in heart rate (HR), reductions in Critical Flicker Fusion (CFF) 
frequency using flicker apparatus, and increases in subjective sleepiness scale using the modified Karolinska 
Sleepiness Scale (KSS). HR was monitored using OMRON® HEM-629 Blood Pressure Monitor to collect heart 
beat per minute (bpm). Three HR data were collected and averaged at each time of measurement. CFF frequency 
was measured using proposed flicker test apparatus, developed from traditional CFF apparatus. As shown by Fig. 1, 
this apparatus has four lights that can flicker alternately at once (two lights at top or bottom). The participants should 
give responses by clicking one of the buttons, in accordance with the lights. The test took about 2-3 minutes 
depending on the drivers’ alertness. 
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Fig. 1. Flicker test apparatus 
Modified KSS was used to quantify participant’s sleepiness level, developed from the 9-scale KSS in [9] which 
had been translated to Bahasa Indonesia in [10]. A 10-point of scale was chosen in order to help the drivers in 
quantifying their perception of sleepiness status. Fig.2 shows the modified KSS applied in the study. 
 
 
 
Fig. 2. Modified KSS used to measure sleepiness subjectively 
2.3. Data collection procedure 
Fatigue developments while driving were monitored during 1st day, 3rd day and 5th day from a weekly rooster. 
Measurements were done for both day and night shifts. Day shifts workers were from 6 AM to 6 PM, while night 
shifts were from 6 PM to 6 AM. However, the workers have to arrive at the office about 2 hours prior to get “a job 
order” and to prepare their trucks. Measurements were conducted right before the drivers leaving the main depot in 
Plumpang, Jakarta for targeted gas stations (baseline condition) and right after their return back to the depot. Usually, 
there were about 3 to 4 trips in one shift, depending on the travel distance from depot to gas station. Therefore, there 
were 3-4 data (in addition to the baseline data) in a day. As shown by Fig. 3, measurements were conducted in the 
depot office for monitoring the pre-work condition and inside the truck cabin for after-work condition. 
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Fig. 3. Fatigue measurement in the: (a) depot office; (b) inside the truck cabin 
3. Results and Discussion 
3.1. Heart rate  
In general, heart rate was likely to rise by the increasing duration of working time. An increase in heart rate was 
around 10-16 bpm found in this study and could be categorized as moderate workload [11]. However, some drivers 
showed a significant increment which indicated a heavy workload. On a daily pattern, it can be seen that there was 
an increment during from time to time.  
Based on this value, slope per day for each driver could be calculated. Moreover, measurements indicated that 
the increase only occurred on the day shift. At night shift there was a decrease on day 3 and then increased on day 5. 
For the all three days of measurement, the baseline heart rate was ranged between 75-80 bmp. The average increase 
was 1.4% per hour, as shown by Fig. 4. Statistical tests performed on the slope value showed that work days and 
shift did not significantly affect the heart rate increment. 
 
 
 
Fig. 4. Slope of heart rate increment 
3.2. Subjective sleepiness 
Subjective sleepiness measurement result illustrated an increase in the perception of sleepiness while working 
time to time. The average value of baseline (initial conditions) sleepiness as measured before the start of driving on 
trip 1 consistently increased from day to day. The calculated slope changes are provided in Fig. 5. As shown, it 
displays an increment on day shift from day 1 to 3. On the contrary, sleepiness on the night shift was decline from 
day to day. Statistical test resulted in significant effects of both shift and working day (p<0.05). It means that the 
0
1
2
3
4
Day 1 Day 3 Day 5
HR
 In
cr
ea
se
 
Day Shift Night Shift
a b
356   Yassierli et al. /  Procedia Manufacturing  4 ( 2015 )  352 – 358 
increase of sleepiness level at night shift was significantly higher that of day shift; and the increase also significantly 
differed across days (day 1, day 3 and day 5). 
 
 
 
Fig. 5. Significant effects of shift and working day on subjective sleepiness increment 
3.3. CFF frequency  
Fatigue measurement using Critical Flicker Fusion (CFF) frequency obtained a decline pattern, as can be seen in 
Fig. 6. As shown, fatigue property of eye strain reflected in CFF value was decline from time to time, varied from 3 
to 8 Hz. Based on our database, this indicates that a heavy workload. On the day shift, drivers performed a 
decrement of CFF frequency on each measurement day. However, decrement only revealed on day 3 at night shift, 
then increased again on day 5. The average decline for the day shift was 0.7 Hz per hour, while for the night shift 
was 1.0 Hz per hour. Furthermore, statistical tests showed that the CFF frequency decrement was significantly 
influenced by shift (p<0.05), but the main factor of working day was not significant. 
 
 
 
Fig. 6. A significant effect of shift on CFF frequency decrement 
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3.4. Overall results 
Results of this study found that there was no significant effect of the measurement day on fatigue, which was 
indicated heart rate and CFF frequency decrement. Interestingly, fatigue development at night shift was significantly 
higher than day shift, based on changes in CFF and subjective sleepiness (p<0.05). This finding confirms the 
association on fatigue and time-of-day (circadian rhythm) in previous similar research on driver, such as [4] and 
[12]. 
Moreover, changes in heart rate appeared to be less sensitive to fatigue and sleepiness. It is somewhat differ from 
previous research which applied heart rate on fatigue or sleepiness monitoring, such as [13] and [14]. However, 
most research employed heart rate variability (HRV) parameters for such purpose, which is likely to be impractical 
in a field study. In the future, the more practical procedure on collecting and calculating the HRV data is needed. 
In general, fatigue level appears to be at moderate-high levels, and the company was suggested to implement a 
comprehensive fatigue management system. The system must include the following activities: (a) Conduct a 
comprehensive selection in the recruitment by observing the vegetative, locomotive, perceptive, and integrative 
functions; (b) Conduct fatigue monitoring of all the drivers before departure; (c) Perform a random check of fatigue 
in the middle of the journey; (d) Conducting training related to self-management against fatigue, including behavior 
and sleep management. 
4. Conclusion 
In general, fatigue level appears to be at moderate-high levels, and the company was suggested to implement a 
comprehensive fatigue management system. In conclusion, the results of this study show that there is accumulation 
of excessive fatigue, especially in fuel depots Plumpang driver who worked on the day shift. Some of the following 
factors contribute to the high rated driver fatigue, namely: excessive long working hours, lack of good sleep and 
rest, and night shift. 
 
Acknowledgements 
    Authors thank to the company for funding given to this research. 
References 
[1] L. Evans, Traffic Safety,Van Nostrand Reinhold, New York, 1991. 
[2] F. Meng, S. Li, L. Cao, M. Li, Q. Peng, C. Wang, and W. Zhang, Driving fatigue in professional drivers: A survey of truck and taxi 
drivers, Traffic Injury Prevention, Vol. 16, No. 5, 2015, pp. 474-483. 
[3] W. Vanlaar, H. Simpson, and R. Robertson, R. A perceptual map for understanding concern about unsafe driving behaviours, Accident 
Analysis and Prevention, Vol. 40, No. 5, 2008, pp. 1667-1673. 
[4] P. Philip, P. Sagaspe, N. Nicholas, J. Jacques, A. Charles, C. Guilleminault, and B. Bioulac, Fatigue, sleep restriction and driving 
performance, Accident Analysis and Prevention, Vol. 37, 2005, pp. 473-478. 
[5] Y. Sang and J. Li, Research on Beijing Bus Driver Psychology Fatigue Evaluation, Procedia Engineering, Vol. 43, 2012, pp. 443-448. 
[6] M. H. Vitaterna, J. S. Takahashi, and F. W. Turek, Overview of Circadian Rhythms, Alcohol Research & Health, Vol. 25, No. 2, 2001, pp. 
85-93. 
[7] J. Adams-Guppy and A. Guppy, Truck driver fatigue risk assessment and management: A multinational survey, Ergonomics, Vol. 46, No. 
8, 2003, pp. 763-779. 
[8] J. Shen, L.C.P. Botly, S.A. Chung, A.L. Gibbs, S. Sabanadzovic, and C.M. Shapiro, Fatigue and shift work, Journal of Sleep Research, 
Vol. 15, 2006, pp. 1-5. 
[9] K. Kaida, M. Takahashi, T. Åkerstedt, A. Nakata, Y. Otsuka, T. Haratani, and K. Fukasawa, Validation of the Karolinska Sleepiness Scale 
against performance and EEG variables, Clinical Neurophysiology, Vol. 117, 2006, pp. 1574-1581. 
[10] M. Mahachandra, Yassierli, I.Z. Sutalaksana, and K. Suryadi, Sleepiness pattern of Indonesian professional driver based on subjective 
scale and eye closure activity,  International Journal of Basic and Applied Sciences, Vol. 11, No. 6, 2011, pp. 87-96. 
[11] P.O. Åstrand, K. Rodahl, H.A. Dahl, and S.B. Stromme, Textbook of Work Physiology, 4th ed., New York: McGraw-Hill, 2003. 
[12] M. Gastaldi, R. Rossi, and G. Gecchele, Effects of driver task-related fatigue on driving performance, Procedia - Social and Behavioral 
Sciences, Vol. 111, 2014, pp. 955-964. 
358   Yassierli et al. /  Procedia Manufacturing  4 ( 2015 )  352 – 358 
[13] M. Patel, S.K.L. Lal, D. Kavanagh, and P. Rossiter, Applying neural network analysis on heart rate variability data to assess driver fatigue, 
Expert Systems with Applications, Vol. 38, 2011, pp. 7235-7242. 
[14] M. Mahachandra, Yassierli, I.Z. Sutalaksana, and K. Suryadi, Sensitivity of Heart Rate Variability as Indicator of Driver Sleepiness, 
Proceeding of The 2nd Southeast Asian Network of Ergonomics Societies (SEANES) Conference, Langkawi, MALAYSIA, 9-12 July 
2011. 
